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The demonstration of acid phosphatase in a
variety of tissues has taken on new significance
following the development of the lysosome
concept (1, 2). These cytoplasmic organelles
are membrane delimited subcellular particles
containing many acid hydrolases which may, in
part, be responsible for the autolytic processes
leading to cell death. Acid phosphatase has been
shown by electron microscopy to be a lysosomal
enzyme and has been used as a "marker" for
these structures in histochemical studies (3, 4).
As epidermal cells progress from the basal
region to the stratum corneum, they show pre-
dictable anatomical changes. In the stratum
granulosum, there is increased nuclear baso-
philia, progressive loss of cytoplasmic or-
ganelles, and finally, in the inner zone of the
stratum corneum, nuclear disappearance. These
changes are similar to those observed with cell
death. If lysosomes have an important bio-
logical role in cellular autolysis, they might be
involved in the degradative processes associated
with stratum corneum formation.
The present study was initiated in an attempt
to demonstrate lysosomes in the human epi-
dermis and to relate these organelles to cellular
mechanisms that lead to the formation of the
stratum corneum. The observations show that
acid phosphatase is indeed concentrated in the
granulosum-corneal zone, but the enzyme is not
confined to a membrane enclosed cytoplasmic
particle similar to the classic lysosome of other
tissues.
MATERIALS AND METHODS
Skin punch biopsy specimens, 4 mm in diameter,
were obtained from Caucasian adult volunteers
after local field block anesthesia using 2% xylo-
caine. Tissues were fixed with 4% (w/v) formalde-
* From the Departments of Dermatology and
Pathology, Harvard Medical School at the Mas-
sachusetts General Hospital, Boston, Massachu-
setts.
This study was supported by the United States
Public Health Service Grant #C-6221.
Presented at The Twenty-fifth Annual Meeting
of The Society for Investigative Dermatology,
Inc., San Francisco, California, June 21, 1964.
hyde according to Holt and Hicks (5) or with
2.5—10.0% glutaraldehyde in either 0.1 M phos-
phate or veronal acetate buffer by the method of
Sabatini et ol. (6). Prior to fixation the tissues were
divided with a razor blade into blocks approxi-
mately 0.5 X 1.0 mm in size, or sectioned SOjz
thick on a freezing microtome. In addition, 1.0
mm blocks of tissue were prefixed and then sec-
tioned with a freezing mierotome. Optimal fixation
was found when specimens were left for 2 hours
in 7.5% glutaraldehyde in veronal acetate buffer.
The nonionic tonicity of all other reagents was
increased by the addition of 6—8% sucrose.
The histocbemical procedures for electron mi-
croscopy were carried out by the Gomori method
(7) as recommended by Holt (8). Identical results
were obtained with the Gomori method as modified
by Barka and Anderson (9). The earliest staining
reaction became perceptible at 10 minutes and in-
creased in intensity with longer incubation periods.
After staining, the specimens were post-fixed with
buffered osmium tetroxide, dehydrated, and em-
bedded in methacrylate or epon. Sections were cut
on a Pnrter-Blum microtome and grids were
stained with uranyl acetate. A Siemens Elmiskop
I electron microscope was used throughout the
study.
For light microscopy by the Gomori lead sulfide
method, S—SOp frozen sections were processed by
Holt's technics (8). In addition, azo dye methods
were used with napthol AS-TR and (alpha)-
napthol phosphate as substrate and hexazonium
pararosanilin as coupler (9). Pretreatment with
0.25% triton x-100 for 5 minutes or with distilled
water for 10 minutes, to disrupt the lysosomal
membrane and thus demonstrate "latent" enzyme
activity, followed the procedure of Diengdoh (10).
The following controls were used. Sections were
treated with 0.01 M NaFl or heated at 80°C. in
distilled water for 10 minutes to inactivate the
enzyme. Both of these treatments completely in-
hibited the reaction. Nonspecific adsorption of lead
to epidermis was not observed following incuba-
tion of tissue with lead nitrate.
Thick frozen sections are frequently used in
histochemical technics with the Gomori method
to insure uniform diffusion of reagents throughout
the tissue. Sabatini et al. (11) advocated using
small hand-cut blocks in conjunction with frozen
sections to obviate tissue damage due to freezing.
A contrary view has been taken by Goldfischer
et at. (12) who feel that false localization of en-
zyme is still a mai or difficulty with the present
methods and that only frozen sections should be
used. In comparing these methods it was found
that freezing the tissue at any point in the pro-
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Fia. 1. Photomicrograph of normal skin prepared by the Gomori acid phosphatase technic. The black
zone of the upper epidermis is the site of acid phosphatase activity. Similar activity is seen in the pilo-
sebaceous unit. X 240.
. . . .
FIG. 2. Photomicrograph of psoriatic skin. The distribution of acid phosphatase is similar to that
observed in normal skin except that the area of staining is usually wider and nuclear localization is
quite prominent within and below parakeratotic areas. X 240.
• 2'. a
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FIG. 3. This electron micrograph includes the upper portion of the basal layer and extends through
the lower stratum eorneum. Just below the stratum granulosum (SG) one can easily see intranuclear
deposits of lead granules. In the stratum granulosurn the granules are prominent in the cytoplasm and
nucleus. This preparation only shows lead precipitation in a few cornea1 scales (arrows). X 3000. Thin
section from a 50e frozen section of glutaraldehyde fixed skin. Incubation for 15 minutes at 37°C. in the
Gomori medium.
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FIG. 4. At somewhat higher magnification the intense staining of the nucleus and cytoplasm in the
stratum graaulosum is quite prominent. The nucleus is indicated by arrows and a cytoplasmic (C) area
of the stratum granulosum extends to the left across the micrograph from the nucleus. X 7000. Same
procedure as Fig. 1.
cedure produced severe distortion of cellular de-
tail. However, staining throughout the specimens
remained uniform. The use of hand-cut blocks
afforded much better preservation of ultrastructure
but staining was uneven, with a heavier deposition
of lead at the periphery than in the center of the
block. Regardless of the procedure used the distri-
bution of the enzyme in the skin remained the
same.
RESULTS
Light Microscope Observations: In normal
skin studied \vith the Gomori technic acid
phosphatase was localized in the transition zone
of the epidermis; i.e., •the upper stratum
spinosum, the stratum granulosum, and the
lower one-third to one-half of the stratum
corneum (Fig. 1). This zone was rather sharply
demarcated and was intensely and diffusely
stained. Nuclear and cytoplasmie staining oc-
curred, but localization of discrete granules was
not observed at the resolution attained with the
light microscope. Psoriatic skin studied with the
same method showed a similar localization, but
staining of the parakeratotic eorneum was more
extensive and was associated with a greater
depth of nuclear staining in the subadjacent
epidermis (Fig. 2).
The same tissues studied with azo dye meth-
ods showed enzyme localization similar to that
obtained by the Gomori technic, with the
exception that no nuclear staining was seen
with the azo dye procedure.
Electron Microscopy: The localization of acid
phosphatase activity was indicated by the deposi-
tion of electron opaque lead granules, about
25mg to lOOmp. in width. In general these were
deposited in the same zone as observed in the
light microscope preparations; i.e., from the
a,
L
upper stratum granulosum to the lower stratum
eorneum (Figs. 3 and 4). The resolution avail-
able with the electron microscope permitted
more precise cytologic localization. Nuclear
precipitates were the rule. The lead granules
were frequently observed around the periphery
of the nucleus just inside the nuclear membrane
(Fig. 5). Cytoplasmic granules were numerous,
but were not in membrane limited organelles
even though rat liver, processed with the skin
specimens, showed classical lysosomes. In the
stratum corneum the granules were located
rather diffusely in the corneal scales and occa-
sionally were distinctly within the desmosomes
(Fig. 6). Fine lead deposits in the nucleus and
cytoplasm were rarely present in the basal
regions.
The structure of the parakeratotic areas of
psoriatic epidermis was similar to that de-
scribed by Brody (13). Cytoplasmic staining
was scattered and no discrete collections were
present. The retained nuclei showed enzyme
activity in the periphery just inside the nuclear
membrane (Fig. 7).
nIscussION
In human epidermis acid phosphatase, as
determined by the Gomori method, is localized
diffusely in the cytoplasm of cells in the upper
epidermis, within the nuclear membranes, and
in the anucleate cells of the stratum corneum.
By the use of a variety of staining procedures
applied to both light and electron microscopy,
enzyme particles were not found within a
limiting membrane.
Moretti and Mescon (14) studied human
epidermis using light microscopic technics and
found acid phosphatase activity predominantly
in the nuclei and the stratum corneum. The
histoehemical studies of Spier and Martin (15)
on normal skin and of Braun-Falco (16) on
psoriatic epidermis have both shown greatly
increased acid phosphatase activity in the
transition zone. In the skin of the rat, acid
phospbatase has been shown in the basal and
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FIG. 5. A thick section of a nucleus (arrows) in the stratum granulosum shows a common pattern of
lead precipitation. The majority of the granules are located just within the nuclear envelope. X 34,000.
Thin section from a SOu frozen section of formaldehyde fixed skin. Incubation for 10 minutes at 37°C.
in the Gomori medium.
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Fm. 6. The micrograph is of a portion of three keratin scales. One is crowded with lead granules.
One may also see the precise deposition of lead within the desmosomes of the stratum corneum (arrows).
X 30,000. Thin section from a 50e frozen section of glutaraldehyde fixed skin. Incubation for 10 minutes
at 37°C. in the Gomori medium.
granular layers of the epidermis (17). Diengdoh
(10) using the light microscope, demonstrated
acid phosphatasc reactive granules in the hair
follicles nnd epidermis of mouse skin. These
particles were interpreted as lysosomes. In his
studies, procedures to modify the lysosomal
membrane were carried out in order to unmask
the structure-linked latency of lysosomal en-
zymes. Repetition of these studies in human
skin failed to demonstrate "latent" enzyme
activity.
The problem of nuclear staining is difficult
to interpret. In human epidermis, with the
Gomori technic, the intranuelear location of the
reaction product was consistently localized to
the granular layer and was often in close asso-
ciation with nuclear chromatin. The use of azo
dye methods, with light microscopy, failed to
substantiate these findings. Most workers re-
gard nuclear localization of acid phosphatase by
the Gomori method as a diffusion artefaet or
as non-specific staining, since nuclear staining
is not present with the newer azo dye teehnics.
Controversy still exists as to whether acid
phosphatase can be demonstrated in isolated
nuclei by biochemical methods (18). Many
investigators consider nuclear acid phosphatase
to result from contamination with cytoplasmic
contents during tissue fractionation procedures.
Until more specific histochemical methods are
available for electron microscopy, the nuclear
staining observed is best considered as non-
specific and can not be subject to physiological
interpretation.
In human epidermis, acid phosphatase was
not found to be contained within cytoplasmie
organdIes corresponding to the classical lyso-
somes. This would not appear to be due to dif-
ferences in technic since it is observed regard-
less of the method of fixation or staining
applied, and typical lysosomes can be demon-
strated in specimens of rat liver processed
simultaneously with human skin. Whether any
of the numerous other acid hydrolases can be
localized to lysosomal structures in human skin
must await the development of specific staining
methods for these enzymes and their applica-
tion to electron microscopy. There is little evi-
dence at this time that lysosomes, as classically
described, play an active role in metabolic
processes associated with the human epidermal
cell.
SUMMARY
1. The localization of acid phosphatase in
human epidermis was studied by light and
electron microscopy.
2. Enzyme activity was observed principally
in the transition zone of the epidermis. By
electron microscopy, acid phosphatase was lo-
cated diffusely in the cytoplasm of cells in the
upper epidermis, within nuclear membranes,
and in the anucleate cells of the stratum cor-
neum.
3. Membrane delimited areas of acid phos-
phatasc activity were not present in the cyto-
plasm of normal or psoriatic epidcrmal cells,
even though typical lysosomes could be demon-
strated in rat liver.
4. There is little evidence at present that
lysosomes actively participate in the metabolic
processes of human epidermal cells.
Addendum
Since submission of this manuscript Breath-
nach (J. Anat. 98: 265, 1964) has shown the
presence of lysosome-like structures in Langer-
hans' cells of human epidermis. In addition, we
have demonstrated the presence of acid phos-
phatase containing organdIes, having the typical
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Fm. 7. The micrograph shows a portion of the stratum corneum in psoriasis. The lead granules may
be seen within the cytoplasm (C), at the extreme periphery of the cytoplasm crowding the plasma
membrane, and in intercellular spaces (ICS). Nuclear (N) staining is prominent; the granules again
showing the peripheral location seemingly characteristic of this method of localizing acid phosphatase
activity. X 9000. Same procedure as Fig. 6.
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appearance of lysosomes, in amphibian epi-
dermis.
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